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ULTRASOUND TRANSDUCER,
ULTRASOUND ENDOSCOPE, AND
MANUFACTURING METHOD OF

ULTRASOUND TRANSDUCER

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of International Appli-
cation No. PCT/JP2019/014268, filed on Mar. 29, 2019, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND
1. Technical Field

The present disclosure relates to an ultrasound transducer,
an ultrasound endoscope, and a manufacturing method of an
ultrasound transducer.

2. Related Art

In an ultrasound endoscope including an insertion portion
to be inserted into a subject, ultrasound waves that are
transmitted and received from an ultrasound transducer
arranged at a distal end of the insertion portion have been
used to observe characteristics of a living tissue or a mate-
rial, which 1s a subject of observation. Specifically, infor-
mation relating to characteristics of the subject of observa-
tion can be acquired by subjecting an ultrasound echo
received from the ultrasound transducer to predetermined
signal processing by an ultrasound i1maging device that
constitutes the ultrasound endoscope.

The ultrasound transducer includes plural piezoelectric
devices that convert an electrical pulse signal into an ultra-
sound pulse to emit to the subject of observation, and that
converts an ultrasound echo retflected on the subject of
observation mto an electrical echo signal to output. For
example, the plural piezoelectric devices are aligned along
a predetermined direction, and by electronically switching
piezoelectric devices to be involved in transmission and
reception, an ultrasound echo 1s acquired from the subject of
observation.

As a type of the ultrasound transducer, a convex type, a
linear type, a radial type, and the like of various types of
different ultrasound beam transmission/reception directions
have been known. Out of these types, a convex ultrasound
transducer have plural piezoelectric devices arranged along,
a curved surface, and each of them emaits an ultrasound beam
in a radial direction of the curved surface.

International Publication Pamphlet No. W0O2016/080119
discloses that a piezoelectric array 1s formed by arranging
plural piezoelectric devices on a flat plate, and that after
bending the piezoelectric device array into an arc shape,
plural wirings protruded from a distal end of an arc portion
included 1n a tlexible board and the respective piezoelectric
devices forming the piezoelectric device array are electri-
cally connected, to manufacture a convex ultrasound trans-
ducer.

Moreover, International Publication Pamphlet No.
WO02016/080119 discloses that a holding member that holds
the respective wirings at an interval smaller than an arrange-
ment interval of the piezoelectric devices 1s arranged trans-
versely at a middle position between the flexible board of
cach of the wirings and the piezoelectric device, to prevent
the plural wirings from coming in contact with one another
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2

during a work of electrically connecting the plural wirings
and the plural piezoelectric devices.

SUMMARY

In some embodiments, an ultrasound transducer includes:
a flexible board configured to receive and output an electri-
cal signal through a signal line; a plurality of piezoelectric
devices that are electrically connected to the board and are
aligned 1n a row, each piezoelectric device being configured
to transmit and receive an ultrasound wave; a plurality of
leads extending the signal line and protruding from an end
portion of the board, each lead being electrically connected
to the piezoelectric device mm a curved manner; and a
plurality of sheets that are arranged to prevent the leads from
being 1n contact with each other, each sheet being provided
on the lead and having an insulation property.

In some embodiments, an ultrasound endoscope 1ncludes
an 1nsertion portion configured to be 1nserted 1nto a subject,
the insertion portion having a distal end at which the
ultrasound transducer 1s arranged.

In some embodiments, provided 1s a manufacturing
method of an ultrasound transducer configured to transmit
and receive an ultrasound wave. The method includes:
pressing distal end portions of a plurality of leads to a
plurality of piezoelectric devices such that the plurality of
leads are curved, each lead protruding from a distal end of
a board and having a sheet arranged at a part of the lead, the
plurality of piezoelectric devices being aligned at predeter-
mined 1ntervals; electrically connecting the plurality of
piezoelectric devices and the plurality of leads; and joiming
the distal end portions of the respective leads and the
respective piezoelectric devices with a joint material.

The above and other features, advantages and technical
and industrial signmificance of this invention will be better
understood by reading the following detailed description of
presently preferred embodiments of the disclosure, when
considered 1n connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically illustrating an endo-
scope system according to a first embodiment;

FIG. 2 1s a perspective view schematically illustrating a
distal end configuration of an insertion portion of an ultra-
sound endoscope according to the first embodiment;

FIG. 3 15 a perspective view schematically illustrating a
configuration of an ultrasound transducer module according
to the first embodiment;

FIG. 4 1s a diagram explaining a configuration of a region
R of the ultrasound transducer module illustrated in FIG. 3;

FIG. 5 1s a diagram 1llustrating an arrangement position of
an insulation material on a flying lead 1n the first embodi-
ment,

FIG. 6 1s a perspective view of a state before the flying
lead and a piezoelectric device are electrically connected;

FIG. 7 1s a partial cross-section of the ultrasound trans-
ducer module, which 1s taken along a plane that 1s perpen-
dicular to an alignment direction of the piezoelectric devices
and that passes through the flying leads 1n a state before the
flying leads and the piezoelectric devices are electrically
connected to each other;

FIG. 8 15 a perspective view 1n a state in which the flying
lead and the piezoelectric devices are electrically connected
to each other;

FIG. 9 1s a partial cross-section of the ultrasound trans-
ducer module, which 1s taken along a plane that i1s perpen-
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dicular to the alignment direction of the piezoelectric
devices and that passes through the flying lead 1n a state 1n
which the flying lead and the piezoelectric devices are
clectrically connected to each other;

FIG. 10 1s a diagram 1llustrating an arrangement position
ol an insulation material on the flying lead 1n a first modi-
fication;

FIG. 11 1s a diagram 1llustrating an arrangement position
of the insulation material on the flying lead mn a second
modification;

FIG. 12 1s a diagram illustrating an arrangement position
of an insulation material on the flying lead in the second
modification;

FI1G. 13 1s a perspective view 1llustrating a state before the
flying lead 1s curved 1n the second modification;

FIG. 14 1s a perspective view illustrating a state after the
flying lead 1s curved 1n the second modification;

FIG. 15 1s a diagram 1illustrating an arrangement position
of an 1insulation material on the flying lead in a third
embodiment; and

FIG. 16 1s a diagram 1illustrating an arrangement position
of a first insulating member and a second 1nsulating member
on a flying lead in a fourth embodiment.

DETAILED DESCRIPTION

Hereinafter, forms to implement the disclosure (hereinai-
ter, embodiments) will be explained with reference to the
drawings. The embodiments explained 1n the following are
not intended to limit the disclosure. Furthermore, like ret-
erence signs are assigned to like parts in the description
throughout the drawings.

First Embodiment

FIG. 1 1s a diagram schematically illustrating an endo-
scope system according to a first embodiment. An endo-
scope system 1 1s a system to perform ultrasound diagnosis
of an 1inside of a subject, such as human, by using an
ultrasound endoscope. This endoscope system 1 includes an
ultrasound endoscope 2, an ultrasound imaging device 3, an
endoscope 1maging device 4, a display device 5, and a light
source device 6 as illustrated in FIG. 1.

The ultrasound endoscope 2 converts an electrical pulse
received from the ultrasound imaging device 3 into an
ultrasound pulse, to 1rradiate to the subject by an ultrasound
transducer arranged at its distal end portion, and converts an
ultrasound echo reflected on the subject into an electrical
echo signal that renders 1t by variation of voltage, to output
it.

The ultrasound endoscope 2 normally includes an 1mag-
ing optical system and an 1maging device, 1s inserted into
digestive tracts (esophagus, stomach, duodenum, large intes-
tine) or respiratory organs (trachea, bronchus) of a subject,
and 1s capable ol 1maging any or those digestive tracts or
respiratory organs. Moreover, 1t 1s capable of 1maging
peripheral organs thereof (pancreas, gallbladder, bile duct,
biliary tract, lymph node, mediastinal organ, blood vessel,
and the like) by using ultrasound waves. Furthermore, the
ultrasound endoscope 2 includes a light guide that guide
illumination light to i1lluminate a subject at the time of
optical 1imaging. This light guide has a distal end portion
reaching a distal end of an insertion portion to be mserted
into the subject of the ultrasound endoscope 2, and a
proximal end connected to the light source device 6 that
generates the 1llumination light.
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The ultrasound endoscope 2 includes an 1nsertion portion
21, an operating portion 22, a universal cord 23, and a
connector 24 as illustrated in FIG. 1. The msertion portion
21 1s a portion to be inserted into the subject. This 1nsertion
portion 21 1s arranged at a distal end side as illustrated in
FIG. 1, and includes a distal end portion 211 that 1s rigid and
that holds a convex ultrasound transducer 7, a bendable
portion 212 that i1s formed to be bendable, and that 1s
connected to a proximal end side of the distal end portion
211, and a flexible tube portion 213 that 1s connected to a
proximal end side of the bendable portion 212, and that has
tflexibility. Inside the insertion portion 21, although specific
illustration 1s omitted, a light guide to transmit the 1llumi-
nation light supplied from the light source device 6, and
plural signal cables to transmit various kinds of signals are
routed, and an instrument channel to insert a treatment tool
therein, and the like are formed.

The operating portion 22 1s a portion connected to a
proximal end side of the msertion portion 21, and to accept
various kinds ol operations from a user, such as a doctor.
This operating portion 22 includes an operating knob 221 to
operate bending of the bendable portion 212, and plural
operating members 222 to perform various kinds of opera-
tions as 1illustrated in FIG. 1. Moreover, in the operating
portion 22, an instrument channel port 223 that communi-
cates with the instrument channel, and that 1s to insert a
treatment tool into the instrument channel 1s formed.

The unmiversal cord 23 1s a cable that extends from the
operating portion 22, and 1n which plural signal cables to
transmit various kinds of signals, and an optical fiber to
transmuit the 1llumination light supplied from the light source
device 6, and the like are arranged.

The connector 24 1s arranged at a distal end of the
universal cord 23. The connector 24 includes a {irst connec-
tor portion 241 to which an ultrasound cable 31 1s connected,
a second connector portion 242 to which a video cable 41 1s
connected, and a third connector 243 to which an optical
fiber cable 61 1s connected.

The ultrasound 1maging device 3 1s electrically connected
to the ultrasound endoscope 2 through the ultrasound cable
31 (refer to FIG. 1), outputs a pulse signal to the ultrasound
endoscope 2 through the ultrasound cable 31, and receives
an echo signal from the ultrasound endoscope 2. The ultra-
sound 1maging device 3 generates an ultrasound 1mage by
subjecting the echo signal to predetermined processing.

The endoscope imaging device 4 1s electrically connected
to the ultrasound endoscope 2 through the video cable 41
(refer to FIG. 1), and receives an 1mage signal from the
ultrasound endoscope 2 through the video cable 41. The
endoscope 1maging device 4 generates an endoscope 1mage
by subjecting the 1mage signal to predetermined processing.

The display device 5 1s formed by using a liquid crystal
or an organic electro luminescence (EL) panel, a projector,
a cathode ray tube (CRT), or the like, and displays the
ultrasound 1mage generated by the ultrasound i1maging
device 3, the endoscope 1mage generated by the endoscope
imaging device 4, and the like.

The light source device 6 1s connected to the ultrasound
endoscope 2 through the optical fiber cable 61 (refer to FIG.
1), and supplies the illumination light to illuminate an 1mside
of the subject through the optical fiber cable 61 to the
ultrasound endoscope 2.

FIG. 2 1s a perspective view schematically illustrating a
distal end configuration of the insertion portion of the
ultrasound endoscope according to the first embodiment. As
illustrated 1n FIG. 2, the distal end portion 211 includes an
ultrasound transducer module 214 that holds the ultrasound
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transducer 7, an object lens 21354 that constitutes a part of the
imaging optical system, and that 1s to take 1n light from
outside, and an endoscope module 215 that has an 1llumi-
nation lens 21355 to collect the 1llumination light to emit to
the outside. In the endoscope module 215, an instrument
channel outlet 215¢ that communicates with the instrument
channel formed 1nside the mnsertion portion 21, and through
which a treatment tool 1s projected from the distal end of the
insertion portion 21 1s formed. The mnstrument channel 1s
formed such that a portion near an end portion connected to
the mstrument channel outlet 215¢ 1s inclined relative to a
longitudinal axis of the insertion portion 21, and is arranged
to project the treatment tool in an inclined direction relative
to the longitudinal axis from the mstrument channel outlet
215c¢. The longitudinal axis herein 1s an axis along a direc-
tion of length of the insertion portion 21. While the axial
direction of the bendable portion 212 and the flexible tube
portion 213 varies depending on a position in the bendable
portion 212 and the flexible tube portion 213, the longitu-
dinal axis of the rigid distal end portion 211 1s an axis of a
fixed linear axis.

Subsequently, a configuration of the ultrasound transducer
7 arranged at the distal end of the insertion portion 21 will
be explamned. FIG. 3 1s a perspective view schematically
illustrating a configuration of the ultrasound transducer
module 214 according to the first embodiment. FIG. 4 1s a
diagram explaining a configuration of a region R of the
ultrasound transducer module 214 illustrated 1n FIG. 3.

As 1llustrated 1n FIG. 3, 1n the ultrasound transducer 7, a
piezoelectric device array in which plural piezoelectric
devices 71 are aligned at predetermined intervals 1n a row 1n
a curved manner along an outer surface that 1s a curved
surtace of the ultrasound transducer 7 1s formed. The ultra-
sound transducer 7 1s a convex ultrasound transducer that
clectronically scans by electronically switching the piezo-
clectric devices 71 to be involved in transmission and
reception, and by delaying transmission and reception of the
respective piezoelectric devices.

The ultrasound transducer 7 includes plural piezoelectric
devices 71 arranged such that longitudinal directions of the
piezoelectric devices 71 are aligned, a first acoustic-match-
ing layer 72 arranged on the piezoelectric devices 71 on an
outer surface side of the ultrasound transducer 7, and a
second acoustic-matching layer 73 that are arranged on the
first acoustic-matching layer 72 on an opposite side to a side
in contact with the piezoelectric devices 71, and an acoustic
lens 74 that 1s arranged on the second acoustic-matching
layer 73 on an opposite side to a side 1n contact with the first
acoustic-matching layer 72. On an opposite side to a side of
the piezoelectric devices 71 1n contact with the first acoustic-
matching layer 72, a backing material not illustrated 1s
arranged. The backing material 1s made by using epoxy resin
in which a material having a high attenuation factor, for
example, a filler such as alumina or zirconia 1s dispersed, or
rubber 1n which the filler described above 1s dispersed, and
attenuates unnecessary ultrasound vibrations caused by
operations of the piezoelectric devices 71.

The piezoelectric device 71 converts an electrical pulse
into an acoustic pulse to wrradiate to the subject, and converts
an ultrasound echo retlected on the subject mnto an electrical
echo signal that renders 1t by variation of voltage, to output
it. In the piezoelectric device 71, for example, a signal
input/output electrode not 1llustrated 1s arranged on a surface
on a backing material side, and a first ground electrode not
illustrated for grounding 1s arranged on a surface on a side
closer to the first acoustic-matching layer 72 of the piezo-
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clectric device 71. The respective electrodes are formed by
using a metal material or a resin material having an electrical
conductivity.

The first acoustic-matching layer 72 and the second
acoustic-matching layer 73 matches an acoustic impedance
of the piezoelectric device 71 and an acoustic 1mpedance of

a subject of observation to transmit ultrasound waves efli-
ciently between the piezoelectric device 71 and the subject
of observation. In the first acoustic-matching layer 72, a
second ground electrode not 1illustrated that 1s electrically
connected to the first ground electrode of the piezoelectric
device 71 1s arranged. The piezoelectric device 71 1s
grounded to an outside through the first ground electrode
and the second ground electrode.

The acoustic lens 74 covers outer surfaces of the first
acoustic-matching layer 72 and the second acoustic-match-
ing layer 73, and constitutes an outer surface of the ultra-
sound transducer 7. The acoustic lens 74 1s formed by using
silicone, polymethylpentene, epoxy resin, polyetherimide,
and the like, and a surface on one side thereof 1s formed 1n
a convex shape or a concave shape to have a function of
narrowing an ultrasound wave, and emits an ultrasound
wave that has passed through the second acoustic-matching
layer 73 to an outside, or takes 1n an ultrasound echo from
an outside.

The ultrasound transducer 7 irradiates ultrasound waves
to the subject of observation with the piezoelectric device 71
vibrating when a pulse signal 1s mput thereto, through the
first acoustic-matching layer 72, the second acoustic-match-
ing layer 73, and the acoustic lens 74. At this time, 1n the
piezoelectric device 71, on the opposite side to a side on
which the first acoustic-matching layer 72, the second
acoustic-matching layer 73, and the acoustic lens 74 are
arranged, unnecessary ultrasound vibrations from the piezo-
clectric devices 71 are attenuated by the backing matenal.
Moreover, ultrasound waves reflected on the subject of
observation 1s transmitted to the piezoelectric device 71
through the acoustic lens 74, the second acoustic-matching
layer 73, and the first acoustic-matching layer 72. By the
transmitted ultrasound waves, the piezoelectric device 71
vibrates, and the piezoelectric device 71 converts the vibra-
tion 1nto an electrical echo signal, to output to the ultrasound
imaging device 3 through a flying lead 110 (refer to FIG. 4)
that 1s a wiring described later, as the echo signal.

The ultrasound transducer module 214 includes a relay
board 100 that relays electrical connection between the
ultrasound transducer 7 and plural signal lines 200 that
constitute a part of a route to electrically connect the
ultrasound transducer module 214 and the ultrasound 1mag-
ing device 3. The relay board 100 1s a flexible printed circuit
(FPC) held by the ultrasound transducer 7 on a side portion
of the ultrasound transducer 7. The relay board 100 corre-
sponds to a board, and 1s electrically connected to the signal
lines 200 through a relay board 201. The relay board 100 1s
formed by providing a wiring pattern on a substrate made
from polyimide. Moreover, the relay board 100 1s electri-
cally connected to the plural piezoelectric devices 71 by the
plural flying leads 110 protruded from a distal end of the
relay board 100. The relay board 100 has the distal end from
which the flying leads 110 are protruded in an arc shape
along the alignment of the piezoelectric devices 71.

In FIG. 4, the flying lead 110 1s a lead that 1s made by
using a conductive material, such as copper, or an alloy, a
chuel constituent of which 1s copper. The respective tlying
leads 110 arranged 1n a state of protruding from the distal
end of the relay board 100 are electrically connected to the
respective piezoelectric devices 71 1n a state of being curved
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in a convex manner toward the piezoelectric devices 71. A
distal end portion 110e that 1s an end portion of the flying
lead 110 on a side being electrically connected to the
piezoelectric devices 71 and the piezoelectric device 71 are
joined by a solder 120 that 1s a joint material. Moreover, at
a part of the respective flying leads 110, an 1nsulation
material 130 that 1s a flat-shaped sheet having an 1nsulation
property 1s arranged. In the present embodiment, the 1nsu-
lation material 130 1s manufactured using the same material
as the relay board 100, and the insulation material 130 and
the relay board 100 may be arranged integrally, or sepa-
rately. Furthermore, the insulation material 130 may be
manufactured by using a material different from that of the
relay board 100.

In the explanation of the first embodiment below, out of
any adjacent sets of the flying lead 110 and the piezoelectric
device 71, one (a first lead and a first piezoelectric device)
may be denoted by adding an index “A” to the reference
sign, and the other one (a second lead and a second piezo-
clectric device) may be denoted by adding an index “B” to
the reference sign. Moreover, when the one and the other one
of the adjacent sets of the flying lead 110 and the piezo-
clectric device 71 are not distinguished from each other, the
indexes “A” and “B” are omuitted.

FI1G. 5 1s a diagram 1llustrating an arrangement position of
the insulation material 130 on the flying lead 110 1n the first
embodiment. In the first embodiment, the flying lead 110 1s
in a flat plate shape, and has a lower surface 110a that 1s a
surface facing the piezoelectric device 71 (surface being 1n
contact with the piezoelectric device 71), an upper surface
1105 that 1s an opposite surface to the lower surface 110a,
and side surfaces 110¢, 1104 that are two surfaces intersect-
ing the lower surface 110a and the upper surface 1105, the
side surfaces 110c¢, 1104 being positioned in the an align-
ment direction of the piezoelectric devices, as 1llustrated in
FIG. 5. Moreover, at edges of the upper surface 1105 of the
flying lead 110 on both sides in the alignment direction of
the piezoelectric devices, the mnsulation materials 130 are
arranged throughout a longitudinal direction of the flying
lead 110. Furthermore, a part of the insulation material 130
in the alignment direction of the piezoelectric devices 1s
protruded from the upper surface 110b. In the first embodi-
ment, a sheet having no msulation property may be used in
place of the insulation material 130.

Next, a manufacturing method for manufacturing the
ultrasound transducer module 214 will be explained. FIG. 6
1s a perspective view of a state before the flying lead 110 and
the piezoelectric device 71 are electrically connected. FIG.
7 1s a partial cross-section of the ultrasound transducer
module 214, which 1s taken along a plane that 1s perpen-
dicular to an alignment direction of the piezoelectric devices
71 and that passes through the flying leads 110 1n a state
betore the flying leads 110 and the piezoelectric devices 71
are electrically connected to each other. FIG. 8 1s a perspec-
tive view 1n a state in which the flving leads 110 and the
piezoelectric devices 71 are electrically connected to each
other. FIG. 9 1s a partial cross-section of the ultrasound
transducer module 214, which 1s taken along a plane that 1s
perpendicular to the alignment direction of the piezoelectric
devices 71 and that passes through the flying leads 110 1n a
state 1n which the flying leads 110 and the piezoelectric
devices 71 are electrically connected to each other.

When manufacturing the ultrasound transducer module
214, first, the first acoustic-matching layer 72 and the second
acoustic-matching layer 73 are stacked on the piezoelectric
devices 71. Next, as illustrated 1n FIG. 6 and FIG. 7, the
distal end portions 110e of the flying leads 110 that extend
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straight and protrude from the distal end of the relay board
100 are positioned on end surfaces 715 of the piezoelectric
devices 71 corresponding to the respective tling leads 110.
At this time, a curvature radius r2 of a virtual arc passing
through the distal end of the respective flying leads 110
coaxial to an inner diameter center of the piezoelectric array
1s larger than an mner diameter rl1 of the piezoelectric array.
As 1llustrated in FIG. 8 and FIG. 9, the flying lead 110 1s
brought down together with the relay board 100 while
pressing the lower surface 110a at the distal end portion 110e
of the flying lead 110 to an inner surface 7la of the
piezoelectric device 71, and the flying lead 110 1s curved in
a convex manner toward the piezoelectric device 71. At this
time, the curvature radius r2 of the virtual arc passing
through the respective distal ends of the flying leads 110 1s
smaller than the mnner diameter rl of the piezoelectric device
array. Thereafter, the flying leads 110 and the piezoelectric
devices 71 are joined by the solder 120 as 1llustrated 1n FIG.
4 1n a state 1n which the lower surface 110a at the distal end
portion 110¢ of the flying lead 110 and the 1nner surface 71a
of the piezoelectric device 71 are 1n contact with each other.

The lower surface 110a at the distal end portion 110e of
the flying lead 110 may be formed 1n a tapered shape. Thus,
a contact area when the lower surface 110a at the distal end
portion 110¢ of the flying lead 110 and the 1nner surface 71a
of the piezoelectric device 71 are brought into contact by
bending the flying lead 110 1n a convex manner toward the
piezoelectric device 71 can be increased to be larger than a
case ol not arranging the tapered shape. As the contact area
increases, a Iriction force acting on a contact portion of the
lower surface 110a at the distal end portion 110e of the
flying lead 110 and the 1nner surface 71a of the piezoelectric
device 71 increases, and displacement of the flying lead 110
with respect to the piezoelectric device 71 can be sup-
pressed. Moreover, when the contact area increases, a joint
area of the flying lead 110 and the piezoelectric device 71 by
the solder 120 can be increased and, therefore, the joint
strength can be improved.

after the flying leads 110 and the piezoelectric devices 71
are joined by the solder 120, the backing material 1s filled on
the opposite side to the side of the first acoustic-matching
layer 72 of the piezoelectric devices 71, and the acoustic lens
74 1s attached. Thus, the ultrasound transducer module 214
1s manufactured.

In the first embodiment, by providing the insulation
material 130 at the edge of the upper surface 1106 of the
flying lead 110, the rigidity of the flying lead 110 can be
increased compared to a case without the insulation material
130. It 1s thus possible to suppress the flying lead 110 curved
in a direction different from an intended bending direction
when the flying lead 110 1s curved toward the intended
bending direction to make 1t convex toward the piezoelectric
device 71 side by pressing the lower surface 110a at the
distal end portion 110e of the flying lead 110 to the inner
surface 71a of the piezoelectric device 71. Therefore, 1t 1s
possible to suppress the flying lead 110 to be short-circuited
through the other piezoelectric device 71 as a result of the
flying lead 110 being curved in the alignment direction of the
piezoelectric devices that 1s a different direction from the
intended bending direction, to contact the other piezoelectric
device 71 that has been 1n contact with the other flying lead
110.

Moreover, out of the adjacent flying leads 110A and 110B
as 1llustrated 1n FIG. 5, for example, even 1f the flying lead
110A 1s displaced toward the flying lead 110B, the insulation
material 130 of the flying lead 110A contacts the nsulation
material 130B of the flying lead 110B adjacent to each other




US 11,872,081 B2

9

in the alignment direction of the piezoelectric devices. Thus,
a short circuit caused by the flying lead 110A and the flying
lead 110B becoming in contact with each other, or a short
circuit of the flying leads 110A, 110B through the piezo-
clectric device 71B can be suppressed.

First Modification

FIG. 10 1s a diagram 1illustrating an arrangement position
of the insulation material 130 on the flying lead 110 1n a first
modification. In the first modification, the insulation mate-
rial 130 1s arranged at the edge i1n the respective upper
surfaces 1106 of the flying leads 110, and the adjacent
insulation materials 130 are arranged to be 1n contact with
cach other in the alignment direction of the piezoelectric
devices.

For example, as 1llustrated 1n FIG. 10, out of the adjacent
flying leads 110A, 110B, the insulation maternial 130A
arranged on the upper surface 1105 of the flying lead 110A
and the insulation material 130 arranged on the upper
surface 1105 of the flying lead 110B are 1n contact with each
other 1n the alignment direction of the piezoelectric devices.
Thus, displacement of the flying leads 110A, 110B 1n the
alignment direction of the piezoelectric devices can be
suppressed, and a short circuit caused by the flying leads
110A, 110B becoming into contact with each other, or a
short circuit of the flying leads 110A, 110B through the
piezoelectric device 71A or the piezoelectric device 71B can
be suppressed.

Second Embodiment

Next, a second embodiment will be explained. In expla-
nation of the second embodiment below, 1dentical reference
signs are assigned to components similar to those of the first
embodiment, and detailed explanation thereof will be omiut-
ted or simplified.

FIG. 11 1s a diagram 1llustrating an arrangement position
of the isulation material 130 on the flying lead 110 1n the
second modification. In the second embodiment, as 1llus-
trated 1n FIG. 11, the flying lead 110 1s 1n a flat plate shape
similarly to the first embodiment, and has the lower surface
1104 that 1s a surface facing the piezoelectric device 71, the
upper surface 1105 that 1s an opposite surface to the lower
surface 11054, and the side surfaces 110¢, 1104 that are two
surfaces intersecting the lower surface 110a and the upper
surface 1105, the side surfaces 110¢, 1104 being positioned
in the alignment direction of the piezoelectric devices.
Furthermore, as illustrated in FIG. 11, on the side surfaces
110¢, 110d of the flying lead 110, the insulation matenals
130 are respectively arranged throughout the longitudinal
direction of the flying lead. In the second embodiment, a
sheet having no 1nsulation property may be used in place of
the 1nsulation material 130.

In the second embodiment, by providing the insulation
materials 130 on the side surfaces 110c¢, 1104 of the flying
lead 110, the rigidity of the flying lead 110 can be improved
compared to the case without the insulation material 130.
Thus, when manufacturing the ultrasound transducer mod-
ule 214, 1t 1s thus possible to suppress the flying lead 110
curved 1mn a direction different from an intended bending
direction when the flying lead 110 1s curved toward the
intended bending direction to make 1t convex toward the
piezoelectric device 71 side by pressing the lower surface
110a at the distal end portion 110e of the flying lead 110 to
the mner surface 71a of the piezoelectric device 71. There-
fore, 1t 1s possible to suppress the flying lead 110 to be
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short-circuited through the other piezoelectric device 71 as
a result of the flying lead 110 being curved in the alignment
direction of the piezoelectric devices that 1s a different
direction from the intended bending direction, to contact the
other piezoelectric device 71 that has been 1n contact with
the other flying lead 110.

Moreover, out of the adjacent flying leads 110A and 110B
as 1llustrated in FIG. 11, for example, even 1i the flying lead
110A 1s displaced toward the flying lead 110B, the insulation
material 130 of the flying lead 110A contacts the nsulation
material 130B of the flying lead 110B adjacent to each other
in the alignment direction of the piezoelectric devices. Thus,
a short circuit caused by the flying lead 110A and the flying
lead 110B becoming in contact with each other, or a short
circuit of the flying leads 110A, 110B through the piezo-
clectric device 71B can be suppressed.

Second Modification

FIG. 12 1s a diagram 1llustrating an arrangement position
of the mnsulating material 130 on the flying lead 110 1n the
second modification. In the second modification, the adja-
cent insulation maternials 130 are arranged to be in contact
with each other in the alignment direction of the piezoelec-
tric devices, and the mnsulation material 130 1s arranged on
the side surfaces 110c¢, 1104 of the flying leads 110.

For example, as illustrated in FIG. 12, out of the adjacent
flying leads 110A, 110B, the insulation material 130A
arranged on a side surface 110d4A of the flying lead 110A and
the insulation material 130 arranged on a side surface 110cB
of the flying lead 110B are 1n contact with each other in the
alignment direction of the piezoelectric devices. Thus, dis-
placement of the flying leads 110A, 110B 1n the alignment
direction of the piezoelectric devices can be suppressed, and
a short circuit caused by the flying leads 110A, 110B
becoming into contact with each other, or a short circuit of
the flying leads 110A, 110B through the piezoelectric device
71A or the piezoelectric device 71B can be suppressed.

Moreover, as illustrated in FIG. 13, before the flying lead
110 1s curved 1n a convex manner toward the piezoelectric
device 71, a gap 1s formed between the isulation materials
130 adjacent 1n the alignment direction of the piezoelectric
devices. Furthermore, as illustrated in FIG. 14, after the
flying lead 110 1s curved 1n a convex manner toward the
piezoelectric device 71, at least a part of the gap between the
insulation materials 130 adjacent to each other disappears,
and the adjacent insulation materials 130 come 1nto contact
with each other.

In the second modification, the gap before the flying lead
110 1s curved 1s arranged to have such a shape and a width
that at least a part of the gap disappears when the flying lead
110 1s curved 1n a convex manner toward the piezoelectric
device 71 1n accordance with a predetermined degree of
curve of the flying lead 110. For example, as 1illustrated 1n
FIG. 13, the gap 1s 1n a tnangular shape in a plan view, and
a width thereof becomes wider toward the distal end portion
110e of the flying lead 110 from the relay board 100 side 1n
the longitudinal direction of the flying lead.

Third Embodiment

Next, a third embodiment will be explained. In explana-
tion of the third embodiment below, 1dentical reference signs
are assigned to components similar to those of the first
embodiment, and detailed explanation will be omitted or
simplified.
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FIG. 15 1s a diagram 1llustrating an arrangement position
of the isulation material 130 on the flying lead 110 1n the

third embodiment. In the third embodiment, the flying lead
110 1s 1n a flat plate shape similarly to the first embodiment,
and has a lower surface 110q that 1s a surface facing the
piezoelectric device 71, the upper surface 1105 that 1s an
opposite surface to the lower surface 110a, and the side
surfaces 110c, 1104 that are two surfaces intersecting the
lower surface 110a and the upper surface 1105, the side
surfaces 110c, 1104 being positioned in the an alignment
direction of the piezoelectric devices as illustrated 1n FIG.
15. Moreover, at an edge of the upper surface 1106 of the
flying lead 110 on one side in the alignment direction of the
piezoelectric devices, the insulation material 130 1s arranged
throughout a longitudinal direction of the flying lead 110.
Furthermore, a part of the insulation material 130 in the
alignment direction of the piezoelectric devices 1s protruded
from the lower surface 110a.

Moreover, 1 the third embodiment, when the flying lead
110 1s curved 1n a convex manner toward the piezoelectric
device 71 to electrically connect the flying lead 110 and the
piezoelectric device 71, the insulation material 130 1s fit in
a gap between the adjacent piezoelectric devices 71. For
example, as illustrated in FIG. 15, 1n the gap between the
piezoelectric devices 71A and 71B adjacent to each other,
the insulation material 130A arranged at the edge of a lower
surface 110aA of the flying lead 110A 1s fit. Thus, movement
of the flying lead 110A toward the alignment direction of the
piezoelectric devices 1s restricted by the insulation material
130A and the piezoelectric devices 71 A, 71B becoming into
contact with each other. Therefore, displacement of the
flying lead 110A relative to the piezoelectric device 71 A 1n
the alignment direction of the piezoelectric devices can be
suppressed, and a short circuit caused by the flying lead
110A and the flying lead 110B becoming into contact with
cach other, or a short circuit of the flying leads 110A, 1108
through the piezoelectric device 71B can be suppressed.

Fourth Embodiment

Next, a fourth embodiment of the disclosure will be
explained. In explanation of the fourth embodiment below,
identical reference signs are assigned components similar to
those of the first embodiment, and detailed explanation will
be omitted or simplified.

FIG. 16 1s a diagram 1illustrating an arrangement position
of a first insulation material 131 and a second insulation
material 132 on the flying lead 110 1n the fourth embodi-
ment. In the fourth embodiment, as illustrated in FIG. 16, the
flying lead 110 1s 1n a flat plate shape similarly to the first
embodiment, and has a lower surface 110a that 1s a surface
tacing the piezoelectric device 71, the upper surface 11056
that 1s an opposite surface to the lower surface 110a, and the
side surfaces 110c, 1104 that are two surfaces intersecting
the lower surface 110a and the upper surtace 1105, the side
surfaces 110c, 1104 being positioned in the an alignment
direction of the piezoelectric devices. At an edge of the
lower surface 110qa of the flying lead 110 on one side 1n the
alignment direction of the piezoelectric devices, a {irst
insulation material 131 1s arranged throughout the longitu-
dinal direction of the flying lead. Furthermore, a part of the
first insulation material 131 in the alignment direction of the
piezoelectric devices 1s protruded from the lower surface
110a. Moreover, at an edge of the upper surface 1105 of the
flying lead 110 on one side 1n the alignment direction of the
piezoelectric devices, a second insulation material 132 1s
arranged throughout the longitudinal direction of the flying
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lead. Furthermore, a part of the second insulation material
132 1n the alignment direction of the piezoelectric devices 1s
protruded from the upper surface 1105.

In the fourth embodiment, the first insulation material 131
and the second insulation material 132 are manufactured by
using the same matenal as the relay board 100, and the first
insulation material 131, the second insulation material 132,
and the relay board 100 may be arranged integrally, or
separately. Furthermore, the first insulation material 131 and
the second 1nsulation material 132 may be manufactured by
using a material diflerent from that of the relay board 100.

In the fourth embodiment, when the flying lead 110 1s
curved 1 a convex manner toward the piezoelectric device
71 to electrically connecting the flying lead 110 and the
piezoelectric device 71, the first insulation material 131 1s fit
in a gap between the adjacent piezoelectric devices 71. For
example, as 1illustrated i FIG. 16, 1n a gap between the
adjacent piezoelectric devices 71 A and 71B, the first 1nsu-
lation material 131A of the flying lead 110A 1s fit. Thus,
displacement of the flying lead 110A 1n the alignment
direction of the piezoelectric devices can be suppressed, and
a short circuit caused by the flying lead 110A and the flying
lead 110B becoming into contact with each other, or a short
circuit of the flying leads 110A, 110B through the piezo-
clectric device 71B can be suppressed.

Moreover, 1n the fourth embodiment, by arranging the
second 1nsulation material 132 at the edge of the upper
surface 1106 of the flying lead 110, a flow of melted solder
can be stopped by the first insulation material 131 when the
distal end portion 110e¢ of the flying lead 110 and the
piezoelectric device 71 are joined with solder. For example,
as 1llustrated 1 FIG. 16, by stopping melted solder by a
second insulation material 132A of the flying lead 110A
when the distal end portion 110e of the flying lead 110A and
the piezoelectric device 71A are joined with solder in the
adjacent flying leads 110A and 110B, 1t 1s possible to
suppress the melted solder to flow 1nto the flying lead 110B
side. Thus, a short circuit of the flying leads 110A, 110B

through the solder can be suppressed.
In the respective embodiments described above, shapes of

the 1nsulation material 130, the first insulation material 131,
and the second insulation material 132 are not limited to a
planar shape, but may be in any shape to improve the rigidity
of the flying lead 110 so that bending of the flying lead 110
in a direction different from an intended bending direction
can be suppressed.

Moreover, 1n the respective embodiments described
above, the flying lead 110 may be curved 1n a convex shape
toward an opposite side to the piezoelectric device 71 side.

A ultrasound transducer, an ultrasound endoscope, and a
manufacturing method of an ultrasound transducer are use-
tul for preventing a short circuit of a lead caused through a
piezoelectric device.

An ultrasound transducer, an ultrasound endoscope, and a
manufacturing method of an ultrasound transducer accord-
ing to the disclosure produce an eflect of preventing a lead
from being short-circuited through a piezoelectric device.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the disclosure 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
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What 1s claimed 1s:

1. An ultrasound transducer comprising:

a flexible board comprising a plurality of signal lines
configured to receive and output an electrical signal;

a plurality of piezoelectric devices, each piezoelectric
device of the plurality of piezoelectric devices being
clectrically connected to a respective signal line of the
plurality of signal lines, the plurality of piezoelectric
devices being aligned in an alignment direction, each
piezoelectric device being configured to transmit and
recelve an ultrasound wave:

a lead extending from each of the plurality of signal lines,
cach lead protruding from an end portion of the board,
cach lead electrically connecting the respective signal
line to a respective piezoelectric device of the plurality
ol piezoelectric devices; and

a plurality of sheets, at least a portion of each sheet of the
plurality of sheets being arranged on and between
adjacent leads 1n the alignment direction, each sheet
having an electrical msulation property;

wherein the board includes an arc portion with an arc

shape,

cach lead 1s arranged to protrude from a distal end of the
arc portion,

the plurality of piezoelectric devices are aligned along the
arc portion, and

surfaces of at least two adjacent sheets of the plurality of
sheets are 1n contact with each other, the surfaces
intersecting the alignment direction of the plurality of
piezoelectric devices.

2. The ultrasound transducer according to claim 1,

wherein each lead 1s curved.

3. An ultrasound endoscope comprising

an 1nsertion portion configured to be inserted mto a
subject, the insertion portion having a distal end at
which the ultrasound transducer according to claim 1 1s
arranged.

4. An ultrasound transducer comprising;

a flexible board comprising a plurality of signal lines
configured to receive and output an electrical signal;

a plurality of piezoelectric devices, each piezoelectric
device of the plurality of piezoelectric devices being
clectrically connected to a respective signal line of the
plurality of signal lines, the plurality of piezoelectric
devices being aligned in an alignment direction, each
piezoelectric device being configured to transmit and
recelve an ultrasound wave;
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a lead extending from each of the plurality of signal lines,
cach lead protruding from an end portion of the board,
cach lead electrically connecting the respective signal
line to a respective piezoelectric device of the plurality
of piezoelectric devices; and

a plurality of sheets, at least a portion of each sheet of the
plurality of sheets being arranged on and between
adjacent leads in the alignment direction, each sheet
having an electrical insulation property;

wherein each lead has a flat plate shape,

cach sheet 1s made of a sheet-shaped insulation material
arranged on a surface of one of the adjacent leads, the
surface facing the respective piezoelectric device, and

cach sheet 1s positioned between adjacent piezoelectric
devices.

5. An ultrasound transducer comprising:

a flexible board comprising a plurality of signal lines
configured to receive and output an electrical signal;

a plurality of piezoelectric devices, each piezoelectric
device of the plurality of piezoelectric devices being
clectrically connected to a respective signal line of the
plurality of signal lines, the plurality of piezoelectric
devices being aligned in an alignment direction, each
piezoelectric device being configured to transmit and
recelve an ultrasound wave;

a lead extending from each of the plurality of signal lines,
cach lead protruding from an end portion of the board,
cach lead electrically connecting the respective signal
line to a respective piezoelectric device of the plurality
of piezoelectric devices; and

a plurality of sheets, at least a portion of each sheet of the
plurality of sheets being arranged on and between
adjacent leads 1n the alignment direction, each sheet
having an electrical insulation property;

wherein each lead has a flat plate shape,

cach sheet comprises first and second sheets, the first

sheet and the second sheet are made of a sheet-shaped
insulation material, the first sheet being arranged on a
part ol a second surface of each lead and the second
sheet being arranged on a part of a third surface of each
lead, the second surface facing the piezoelectric device,
the third surface being opposite to the second surface,
and

the first sheet 1s positioned between adjacent piezoelectric
devices.
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